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INTRODUCING THE 5-100: 
STANDARD SMALL COMPUTER 
BUS STRUCTURE 


by W. M. Goble 


Copyright 1977 W. M. Goble 


The bus structure and packaging originally used on 
the Altair 8800™' computer is rapidly becoming the 
standard of small computer systems. At the present 
time, there are at least forty manufacturers making elec- 
tronically and mechanically compatible products of 
every conceivable type using this bus structure, known 
as the S-100. 

With super-cheap memory boards, ир to 16K рег 
board, fast audio cassette and video interface boards, 
microprocessing boards for many different micropro- 
cessors, and even calculator boards, floppy disk con- 
trollers, and speech synthesizers, the owner of an 
S-100-based computer should have no problem putting 
together his “special” system without depending on 
one manufacturer or even one microprocessor. 

The standard circuit board size for S-100 systems is 
5.3 inches by 10 inches (Figure 1). All S-100 circuit 
boards have a 100-position card edge connector with 


.125 inch spacing at the bottom. The connector is offset 
to prevent backwards insertion of a circuit card. Figure 2 
shows a list of the S-100 bus designations with an ex- 
tensive but not complete chart of which connections are 
used by various manufacturers. 

These lines on the S-100 can be divided into three sec- 
tions: (1) address bus, (2) data bus, (3) control bus. 

There are sixteen address lines on the S-100 allowing 
65,536 bytes of memory to be uniquely addressed. 
These lines are: 


АО - PIN 79 А4 - PIN 30 АВ - PIN 84 А12 - PIN 33 
АТ - PIN 80 A5 - PIN 29 А9 - PIN 34 A13 - РМ 85 
A2 - PIN 81 A6 - PIN 82 A10 - PIN 37 A14 - PIN 86 
АЗ - PIN 31 A7 - РМ 83 A11 - PIN 87 А15 - РМ 32 


The address lines аге generated by either the micropro- 
cessor or a direct-memory-access device and are decod- 
ed by each memory circuit so that only one memory 


location is addressed by an exclusive bit pattern. 


‘Trademark of MITS, Inc. 


Figure 1. S-100 Card Size. Photograph of CGRS 6502 Computer Board. 
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Figure 2. 5100 Listing 
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76. PSYNC 
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Тһе S-100 bus structure provides an 8-bit data bus 
with separate data input and data output lines. The data 
input lines are: 


010 - PIN 95 014 - РМ 91 
011-РІМ 94 015 - РІМ 92 
D12 - PIN 41 D16 - PIN 93 
D13 - PIN 42 D17 - PIN 43 


These data input lines carry information from memory or 
input/output cards to the microprocessor card. The data 
output lines are: 


000 - PIN 36 D04 - PIN 38 
D01 - PIN 35 005 - PIN 39 
D02 - PIN 88 006 - PIN 40 
003 - PIN 89 D07 - PIN 90 


The data output lines carry information from the micro- 
processor card to the memory or input/output cards. 

The remaining lines on the S-100 bus are control lines. 
They are used for timing, synchronization, data direc- 
tional control, and computer status control. Since the 
S-100 was originally used with an Intel 8080 based com- 
puter, many of the control line names come directly 
from the 8080 data sheet. The control lines used for tim- 
ing and synchronization are: 


01CLOCK - PIN25 PSYNC -PIN 76 
02CLOCK - PIN24 READY1 -PIN3 
CLOCK - PIN 49 READY2 -PIN72 
SMI -PIN44 МАТ -PIN 27 


Clock signals, 01 and 02, along with CLOCK are 
generated by the microprocessor clock circuit and 
these lines are the main system timing lines. The two- 
phase clock lines 01 and 02 are those used by the micro- 
processor. CLOCK is the output of the oscillator used to 
generate the 01 and 02 signals. Since some micropro- 
cessors such as the 6502 have the oscillator built into 
the chip and some microprocessors such as the Z-80 
use only a single phase clock, there are variations in 
these three signals among MPU boards. SMI is a status 
signal that indicates when the microprocessor begins 
an instruction cycle with an OPCODE fetch. PSYNC is a 
signal. from the 8080 microprocessor that indicates the 
beginning of each machine cycle. Since the newer 
microprocessors, such as the 6502, 6800, and Z-80, have 
less complicated timing requirements, some CPU cards 
must simulate this signal. READY 1 and READY 2 are in- 
puts to the microprocessor card used to stop the micro- 
processor if memory devices are not fast enough. The 
WAIT line acknowledges that the microprocessor has 
stopped. A simple circuit used to generate a 1-cycle 
delay with most MPU cards is shown in Figure 3 along 
with typical circuitry from the MPU card. 

Direct-Memory-Access control lines are: 


HALT - PIN 74 HLDA - PIN 26 


Direct access to the S-100 bus can be had by pulling the 
HALT input of the microprocessor card to logic 0. When 
HLDA (Halt Acknowledge) goes to logic 1, the micropro- 
cessor halts operation and its output lines (address, 
control, and data output) are disconnected from the bus. 
In some microprocessor cards, such as the CGRS 
Microputer™?, the lines automatically disconnect from 
the bus through “tri-state” buffers. In other 
microprocessor cards, such as the Altair 8800, external 
circuitry must pull the output disable lines to logic 0. 
These microprocessor card disable lines are: 


STATUS DISABLE - PIN 18 DATA OUT DISABLE - PIN 23 
ADDRESS DISABLE - PIN 22 CIC DISABLE - PIN 19 


*Trademark of CGRS MICROTECH, INC. 


During normal operation, the microprocessor reads 
and writes to memory and I/O and generates outputs to 
control the data direction. 


DBIN (DATA BUS IN) - PIN 78 MWRITE (MEMORY WRITE)-PIN 68 
WR(WRITE) - PIN 77 MEMR (MEMORY READ) -PIN 47 


DBIN is а read strobe. This line goes to logic 1 when the 
microprocessor inputs information from the data bus. 
WR is a write strobe and goes to logic 0 when the 
microprocessor is writing and the data is stable. 
Memory Read and Memory Write control data direction 
in memory cards and I/O cards wired like memory. 

Тһе S-100 has two special lines used to activate I/O 
boards, SINP - PIN 46 and SOUT - PIN 45. If either of 
these lines go to logic 1, all memory boards are dis- 
abled. SINP is used to activate input “ports” and SOUT 
is used to activate output ‘‘ports’’. Many 
microprocessors other than the 8080 treat I/O exactly 
like memory and do not generate SINP and SOUT. 
Because of this, some newer design I/O boards are 
decoded as memory and can be used with all 
microprocessors. 

Another group of lines controls the microcomputer 
program flow. These lines are the “interrupt” groups. 

VIO thru VI7 PINS 4, 5, 6, 7, 8, 9, 10, 11 


EXTERNAL CLEAR - PIN 54 RESET - PIN 75 
TRQ - PIN 73 POC (Power on Clear) - PIN 99 


The “reset” lines, PIN 54, PIN 75, and РІМ 99, all reset 
the microcomputer system from different sources and 
in some MPU cards these lines are all tied together. Pins 
4 thru 11 are “vectored interrupt” lines. A vectored inter- 
rupt system is used when very fast multiple interrupt 
response is required and is implemented with a special 
circuit card. 

The IRQ line is the “interrupt request” input to the 
MPU card. This line is used by itself when only one inter- 
rupt is required or when multiple interrupts can be ac- 
commodated with software. The interrupt enable from 
the 8080 microprocessor 18 connected to ріп 28. This 
line is used to disable the IRQ input. Some micropro- 
cessors provide an interrupt acknowledge output (INTA 
-PIN 96). 

The S-100 has some unique control lines that provide 
very convenient features. One of these is the “remote 
memory protect.” Some memory boards (Figure 4) 
designed for the S-100 bus have a memory protect flip- 
flop on board. A momentary positive pulse on the 
MEMORY PROTECT line, PIN 70, will set the flip-flop on 
the board that is active and this memory cannot accept 
data. A momentary positive pulse of the MEMORY UN- 
PROTECT line, PIN 20, will reset the flip-flop and PS, Pin 
69, indicates the flip-flop output. A real time clock signal 
is also on the S-100 bus. PIN 55 provides a 60 Hertz 
pulse for timing and additional clock applications. 

The power lines on the S-100 bus are: 


+ 8 Volts - РІМ 1, 51 - 16 Volts - PIN 52 
+16 Volts - PIN 2 Common -PIN 50, 100 


Each printed circuit card has one or more voltage 
regulators on-board. This system allows the use of 
cheap, unregulated power supplies along with cheap 
3-terminal regulators. The 8-volt line is regulated to 5 
volts; other positive and negative supplies are derived 
from the 16 voit lines. 


MEMORY FOR THE S-100 | 

In order to illustrate exactly how some of these lines 
are used, some typical memory circuits can be hooked 
up to the S-100 bus. A 1K memory system using 
2102-type memories is shown in Figure 5. This block of 
memory requires three control lines: 
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Figure 7. S-100 Interface 


74LS30 


1. OUT: if ENABLE- This signal activates the output 
buffer gates. When OUTPUT ENABLE switches to logic 
0, the buffer gates switch from their high impedance or 
“tri-state” mode to an active output mode. They will 
then supply information to the data input bus of the 
5-100. М 

2. READ/WRITE - This signal telis the memory if it will 
be read from or written into. A logic 1 indicates read and 
a logic 0 indicates write. 

3. MEMORY SELECT - This signal activates a par- 
ticular block of memory. When MEMORY SELECT is 
low, the memory chips are active. When this signal is 
high, the memory chips are inactive and cannot be read 
from or written into. 

Another 1K memory circuit using 2111-type memories 
is shown in Figure 6. The 2111-type memory has bi- 
directional data transfer. This memory circuit requires 
four control lines, three of which are identical to the 
previous circuit. 

1. OUTPUT ENABLE 
2. READ/WRITE 

3. MEMORY SELECT 
4. INPUT ENABLE 

INPUT ENABLE - This signa! enables the input buf- 
fers. When it switches to logic 0, the input buffer gates 
switch from the high impedance mode to an active out- 
put mode, transferring data information to the memory 
from the data out bus of the S-100. 

The circuitry required to generate these signals from 
the control lines on the S-100 bus is shown in Figure 7. 
The most significant address bus bits аге decoded 
along with SINP and SOUT to provide the MEMORY 
SELECT line. SINP and SOUT are normally at logic 0 and 
switch to logic 1 when some microprocessors do input/ 
output operations. The memory should be disabled at 
that те. In this circuit the “location” of the memory is 
selectable by placing wire jumpers from address lines 
to the inputs of the 74LS30. 

The output buffers are enabled when DBIN and MEMR 
reach logic 1 and when the memory is selected. This 
means that (1) the data bus is in the input mode, (2) the 
microprocessor wants to read from memory, and (3) this 
is the memory from which the microprocessor wants to 
read. Some manufacturers have omitted DBIN from their 
memory cards and some manufacturers have omitted 
the MEMR signal from this circuit. This can most cer- 
tainly be done, depending on the memory type used and 
the MPU timing requirements. 

The READ/WRITE control line can be generated from 
either MWRITE ог WR ог both. MWRITE switches to 
logic 1 to indicate when memory is being written to. WR 
switches to logic 0 to indicate that the microprocessor 
is writing and that the data is stable. In original S-100 
computer design, the MWRITE line came only from the 
front panel and could Бе missing from systems used 
without a front panel. WR and MWRITE are both micro- 
processor output signals, and your choice of one or 
both would depend on system cards being used. If the 
memory card has a “memory protect” flip-flop on board, 
the PS (Protect Status) line is used to inhibit the 
memory write mode. 

The input buffers can be controlled with the same 
signal that controls memory read and write. The input 
buffers should turn on only when the memory is receiv- 
ing information from the microprocessor. This happens 
when the memory is in the write mode. 


ПО ON THE 5-100 

The availability of many new and unique I/O boards for 
the S-100 computer gives the owner a tremendous ad- 
vantage in system configuration. The many products 
that simply plug into the S-100 include: 


a 


. High speed cassette interface 

. Complete floppy disc systems 

. Speech synthesizers 

A.C. power control units 

Realtime clock, calendar, timing board 
. Calculator boards 

. Multi-function system I/O boards 

. Video monitor interface 

. Color television display boards 

10. Analog input-output boards 

These I/O boards operate in one of three ways: 

1. port — The I/O card is decoded as a “port” - one of 
the 256 special locations activated when SINP or SOUT 
control lines switch to logic 1. The port number is trans- 
mitted by the microprocessor over address lines AO 
through A7. The 8080 microprocessor repeats the port 
number on address lines A8 through A15 and some 
manufacturers decode these bits. 

2. UNIVERSAL — The I/O card is decoded exactly like 
computer memory and the microprocessor loads it with 
information exactly the same way as it stores informa- 
tion in memory. 

3. DIRECT MEMORY ACCESS (DMA) — The І.О card halts the 
microprocessor and reads the computer memory, ex- 
tracting the information and then returning control of 
the bus to the microprocessor. 

The circuitry for a simple 8-bit input and output latch 
is shown in Figure 8. The 74LS75 is a quad D flip-flop 
whose output follows the D input as long as the clock 
line is at logic 0. When the Clock line switches to logic 
1, the information on the D inputs is latched onto the 
output and cannot change. The output latch receives 
new information whenever (1) the gates decode its port 
number, (2) SOUT switches to logic 1, and (3) WR 
switches to logic 0. This tells the I/O latch that the 
microprocessor is writing to an output port and that this 
is the output port to which to be written. 

This input port can operate in two ways depending on 
the position of J1. An 8-bit word can either be latched in- 
to this input port with an external strobe signal or the 
flip-flop output will follow its input. The flip-flop outputs 
will send their information to the microcomputer data in- 
put bus when the 74125 “tri-state” buffer gates turn оп. 
These buffer gates turn on when the microcomputer is 
in the input mode (SINP logic 1), the data bus is in the in- 
put mode (DBIN = logic 1), and the input port is 
selected. 

The same I/O latch can be decoded as memory (Figure 
9). The МО latch operates exactly as before, but this 
“universal” type decoding allows the 8080 programmer 
to use the complete set of memory reference instruc- 
tions when addressing the I/O. The universal-type I/O is 
the only type the 6800 and 6502 can use conveniently 
since neither generates special SINP and SOUT control 
lines, and it would appear that the universal-type I/O is 
preferable for those who expect to use more than one 
type of microprocessor. 

The S-100 is not completely standardized. There are 
variations in some control lines from different manufac- 
turers. In addition, since the bus was originally defined 
for the 8080 microprocessor only, the timing and control 
lines are more complicated than they need be and there 
is no need for bi-directional data bus. Despite these 
problems the fact remains that an unbelievable number 
of independent manufacturers have managed to build 
their products so that they fit together. The owner of an 
S-100-based computer can expand his system by simply 
plugging in a card, and he can choose among more 
types than with any other computer. Hopefully, the 
small problems and inconsistencies soon will be 
cleared up and we can all benefit from a completely 
standard small computer bus structure, the S-100. 
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